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^j* (57) Abstract: The present invention relates to novel C -terminal truncated fragments and novel N-terminal modified analogues of 

S3 gastric inhibitory polypeptide as well as various GIP analogues with a reduced peptide bond or alterations of the amino acids close 
to the dipeptidyl peptidase IV (DPIV)-specific cleavage site providing improved DPTV-resi stance and prolonged half-life. Former 
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^ the present invention and their pharmaceutical^ acceptable salts are useful in treating GTP-receptor mediated conditions, such as 
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Novel Analogues of Glucose-dependent Insullnotropic 
Polypeptide 

Field of the invention 

5 The present invention relates to the area of novel analogues of Glucose- 
dependent Insulinotroplc Polypeptide (GIP), pharmaceutical compositions 
containing said compounds, and the use of said compounds as GIP-receptor 
agonists or antagonists for the treatment of GIP-receptor mediated conditions. 

10 

Background Art 

The incretin GIP (glucose-dependent insulinotroplc polypeptide), a 42 amino 
acid peptide, is released from the K-cells of the small Intestine into the blood in 

15 response to oral nutrient ingestion. GIP inhibits the secretion of gastric acid and 
promotes the release of insulin from pancreatic islet ceils [1,2]. It has been 
shown that the combined effects of GIP and glucagon-like peptide-1 7 ^8 (tGLP- 
1) are sufficient to explain the full incretin effect of the entero-insular axis [3]. 
GIP and the related hormone, tGLP-1 , have been considered to be involved in 

20 the pathogenesis of type II (non-insulin dependent) diabetes mellitus. The 
physiological actions of the incretins, and especially of GLP-1, are not only 
manifested by enhanced insulin secretion but also by inhibition of gastric 
emptying [4] and suppression of glucagon release [5,6,7,8] and may result in an 
Improved glucose tolerance. Additionally, GIP is an important regulator of 

25 adipocyte function and changes in GIP function may contribute to progression 
of obesity in man [9]. 

In serum, both incretins, GIP and tGLP-1, are degraded by dipeptidyl peptidase 
IV (DPIV). The resulting short biological half-life (~2 min in vivo) limits the 
therapeutic use of GIP and tGLP-1 [10,11,12]. In the case of tGLP-1, several 
30 studies have been directed at obtaining biologically active tGLP-1 analogues 
with improved DPIV-resistance [13,14]. For GIP, a preliminary study was 
performed to obtain analogues with Improved DP IV-resistance [20]. Recently it 
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was demonstrated that the full-length GIP (1-30) analogs: Tyr 1 -glucltol-GIP [15] 
and (Pro^GIP [20, 21] display DP IV-resistance and enhanced bloactivlty. 

The GIP-receptor, a member of the G-protein-coupled receptor family [16,17], 
s has a high specificity for GIP and does not bind other peptides of the glucagon 
family. For this reason, GLP-1/GIP chimeric peptides show nearly no affinity for 
the GIP-receptor [18]. From such studies it has been concluded that the GIPi^o 
sequence of the GIP^ molecule is crucial for receptor recognition. This was 
confirmed by Gelling et ai [19] who showed that GlP^o-amide (GIP<woa) 
10 contains the high affinity binding region of GIP1.42 but exhibits antagonist 
activity, as do other N-terminally truncated forms. 

The following patent applications have been filed related to the effects of GIP . 
analogues on the function of various target organs and their potential use as 
15 therapeutic agents : 

DE 199 21 537 discloses a method for extending the survival of insulin 
producing B-cells by stimulation of their proliferation and prevention of their 
programmed cell death. The specific goal is to increase the endogenous insulin 
20 content and insulin response to elevated blood glucose levels. An important 
component of this invention Is the activation of protein kinase B/Akt in insulin 
producing 0-cells in response to the administration of effectors such as GLP-1, 
GIP, Exendin-4 or GLP-1 receptor agonists or GIP-receptor agonists. 

25 EP 0479 210 discloses a novel GIP analogue of the formula GIP(1-13)-X- 
GIP(15-30)-Y, wherein X is an amino acid residue other than Met, and Y is 
selected from homoserine (inclusive homoserine-lactone) and shall be referred 
to as Use", homoserine amide (Hse-NH^, H-Gly-Lys-Lys-Asn-Asp-Trp^Lys- 
His-Asn-lle-Thr-Gln-Hse or H-Gly-Lys-Lys-Asn-Asp-Trp-Lys-His-Asn-lle-Thr- 

30 Gln-Hse-NH 2 . 
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WO 98/24464 discloses an antagonist of glucose-dependent insulinotropic 
polypeptide (GIP) consisting essentially of a 24 amino acid polypeptide 
corresponding to positions 7-30 of the sequence of GIP, a method of treating 
non-insulin dependent diabetes mellitus and a method of improving glucose 
5 tolerance in a non-insulin dependent diabetes mellitus patient 

WO 00/58360 discloses peptides, which stimulate the release of insulin. This 
invention especially provides a process of N terminally-modifying GIP and the 
use of the peptide analogues for treatment of diabetes. The specific peptide 
10 analog, which is disclosed In this invention, comprises at least 15 amino acid 
residues from the N terminal end of GIP (1-42). In another embodiment, Tyr 1 
giucitol GIP (1-42) is disclosed. 

WO 00/20592 discloses GIP or antHdiotypic antibodies of GIP or fragments 
15 thereof as GIP-analogs for maintaining or increasing bone density or bone 
formation. 
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Summary of the invention 

The present Invention relates, to novel C-termlnally truncated fragments and 
novel N-terminally modified analogues of gastric Inhibitory polypeptide as well 
as various GIP analogues with a reduced peptide bond or alterations of the 
amino acids dose to the dipeptldyl peptidase IV (DPIV) specific cleavage site 
with the aim of Improved DPIV-resistance and prolonging half-life. Further the 
invention relates to novel analogues with different linkers between potential 
receptor binding sites of GIP. 

The compounds of the present invention and their pharmaceutical^ acceptable 
salts are useful in treating conditions in which G IP-receptor function may be 
altered, including non-insulin dependent diabetes mellitus and obesity. Two 
specific applications are proposed: 

1. The compounds of the present invention are able to potentiate glucose- 
dependent proliferation of pancreatic p-cells. 

2. The compounds of the present invention have anti-apoptotic effects on 
pancreatic p-cells. 

Brief description of the Drawings 

Figure 1: Cyclic AMP production by N-terminalty modified GIP analogues in 
CHO-K1 cells stably transfected with the rat pancreatic islet GIP-receptor 
(wtGIPR cells). Stimulation was allowed to occur for 30 minutes at 37C in 15 
mM HEPES-buffered (pH 7.4) DMEM/F12 + 0.1% BSA and 0.5 mM IBMX, with 
or without peptides at the concentrations shown. Cell contents were extracted 
in ice-cold 70% ethanol, dried in vacuo, and cyclic AMP measured by 
radioimmunoassay. Data represent the mean ± SEM of at least three 
independent experiments. Data are normalized to the maximal cAMP 
stimulated by GIPi^ 0 nh2. 
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Rgure 2: Cyclic AMP production In wtGIPR cells by modified GIP1-140H 
peptides, relative to native hormone. Stimulation was allowed to occur for 30 
minutes at 37C in 15 mM HEPES-buffered (pH 7.4) DMEM/F12 + 0.1% BSA 
and 0.5 mM IBMX, with or without peptides at the concentrations shown. Cell 
s contents were extracted in ice-cold 70% ethanol, dried in vacuo, and cyclic 
AMP measured by radioimmunoassay. Data represent the mean ± SEM of at 
least three independent experiments. Data are normalized to cell number. 

Rgure 3: Cyclic AMP production by modified GIP1-140H peptides (20 
10 micromolar) in wtGIPR cells. Data are from Fig. 2, represented as a factor of 
the basal cyclic AMP content in the cells. * = P < 0.05 versus 1 nM stimulated 
cAMP by GIP1-42; # = P < 0.05 versus basal cyclic AMP (n 2: 3). 

Rgure 4: Cyclic AMP production by GIP1-140H peptides (40 micromolar) 
15 modified by alanine scanning. At positions 2 and 13, where alanines reside in 
the native primary sequence, the amino acids in those positions were replaced 
with those found in the primary sequence of the related hormone, glucagon. 
Stimulation was allowed to occur for 30 minutes at 37C in 15 mM HEPES- 
buffered (pH 7.4) DMEM/F1 2 + 0.1% BSA and 0.5 mM IBMX, with or without 
20 peptides at the concentrations shown. Cell contents were extracted in Ice-cold 
70% ethanol, dried in vacuo, and cyclic AMP measured by radioimmunoassay. 
Data are represented as a factor of the basal cyclic AMP content in the cells. * 
m P < 0.05 versus 1 nM stimulated cAMP by GIP1-42; # = P < 0.05 versus 
basal cyclic AMP (n * 3). 

25 

Rgure 5: Cyclic AMP production wtGIPR cells by modified GIP peptides having 
core sequence deletions or alpha-helical insertions, relative to native hormone. 
Stimulation was allowed to occur for 30 minutes at 37C in 15 mM HEPES- 
buffered (pH 7.4) DMEM/F12 + 0.1% BSA and 0.5 mM IBMX, with or without 
30 peptides at the concentrations shown. Cell contents were extracted in ice-cold 
70% ethanol, dried in vacuo, and cyclic AMP measured by radioimmunoassay. 
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Data represent the mean ± SEM of at least three independent experiments. 
Data are normalized to cell number. 

Figure 6: Cyclic AMP production in wtGIPR cells by modified GIP peptides 
s having core sequence deletions or alpha-helical insertions, relative to native 
hormone. Stimulation was allowed to occur for 30 minutes at 37C in 15 mM 
HEPES-buffered (pH 7 A) DMEM/F12 + 0.1% BSA and 0.5 mM IBMX, with or 
without peptides at the concentrations shown. Cell contents were extracted in 
ice-cold 70% ethanol, dried in vacuo, and cyclic AMP measured by 
10 radioimmunoassay. Data represent the mean ± SEM of at least three 
independent experiments. Data are normalized to cell number. 

Figure 7: Cyclic AMP production in wtGIPR cells by modified GIP peptides 
having N-terminal modifications or cydicized between amino acids 16 and 21, 

is relative to native hormone. Stimulation was allowed to occur for 30 minutes at 
37C in 15 mM HEPES-buffered (pH 7.4) DMEM/F12 + 0.1% BSA and 0.5 mM 
IBMX, with or without peptides at the concentrations shown. Cell contents were 
extracted in ice-cold 70% ethanol, dried In vacuo, and cyclic AMP measured by 
radioimmunoassay. Data represent the mean ± SEM of at least three 

20 independent experiments. Data are normalized to the maximal cAMP produced 
byGIP1-420H. 

Figure 8: Competitive binding inhibition studies on Intact wtGIPR cells using 
125 I-GIP versus modified GIP1-14 peptides at the concentrations shown. 

25 Equilibrium binding was achieved following 12-16 hour incubation at 4C in 15 
mM HEPES-buffered (pH 7.4) DMEM/F12 + 0.1% BSA + 1% Trasylol 
(aprotinin). Unbound label was removed during washing steps, and cells were 
solubilized In 0.2 M NaOH and transferred to borosilteate tubes for counting cell 
associated radioactivity. Non-specific binding was defined as cell associated 

30 radioactivity detected in the presence of 1 micromolar GIP1-42. Data represent 
the mean ± SEM of greater than 3 experiments, and are normalized to the 
specific binding of 126 I-GIP measured in the absence of competitor (Bo). 
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Figure 9: Percent displacement of 125 I-GIP from wtGIPR cells by 50 micromolar 
peptide analogues (GIP1-14 peptides with alanine, serine, tyrosine, D-alanine, 
D-proline, reduced P2-P3 peptide bond, or BTD substitutions/modifications). 

5 Equilibrium binding was achieved following 12-16 hour incubation at 4C in 15 
mM HEPES-buffered (pH 7.4) DMEM/F12 + 0.1% BSA + 1% Trasylol 
(aprotinln). Unbound label was removed during washing steps, and cells were 
solubilized in 0.2 M NaOH and transferred to borosillcate tubes for counting cell 
associated radioactivity. Non-specific binding was defined as cell associated 

10 radioactivity detected In the presence of 1 micromolar GIP1-42. Data represent 
the mean ± SEM of greater man 3 experiments. * = P < 0.05 versus % 
displacement by GIP1-14; # = P < 0.05 versus zero displacement (i.e. only A3 
and A5 were unable to displace measurable 12S I-GIP binding). 

15 Figure 10: Competitive binding inhibition studies on intact wtGIPR cells using 
125 I-GIP versus GIP peptides having core sequence deletions or alpha-helical 
1 insertions, relative to native hormone at the concentrations shown. Equilibrium 
- binding was achieved following 12-16 hour incubation at AC in 15 mM HEPES- 
buffered (pH 7.4) DMEM/F1 2 + 0.1 % BSA + 1 % Trasylol (aprotinln). Unbound 

20 label was removed during washing steps, and cells were solubilized in 0.2 M 
NaOH and transferred to borosilicate tubes for counting cell associated 
radioactivity. Non-specific binding was defined as cell associated radioactivity 
detected in the presence of 1 micromolar GIP1-42. Data represent the mean ± 
SEM of greater than 3 experiments, and are normalized to the specific binding 

25 of 126 I-G IP measured in the absence of competitor (Bo). 

Figure 11: Competitive binding Inhibition studies on intact wtGIPR cells using 
125 I-GIP versus GIP peptides having core sequence deletions or alpha-helical 
insertions, relative to native hormone at the concentrations shown. Equilibrium 
30 binding was achieved following 12-16 hour incubation at 4C In 15 mM HEPES- 
buffered (pH 7.4) DMEM/F12 + 0.1% BSA + 1% Trasylol (aprotinln), Unbound 
label was removed during washing steps, and cells were solubilized in 0.2 M 
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NaOH and transferred to borosilicate tubes for counting cell associated 
radioactivity. Non-specific binding was defined as cell associated radioactivity 
detected in the presence of 1 micromolar QIP1-42. Data represent the mean ± 
SEM of greater than 3 experiments, and are normalized to the specific binding 
s of 1Z5 I-GIP measured in the absence of competitor (Bo). 

Figure 12: Intraperitoneal glucose tolerance test in anaesthetized (65 mg/Kg 
sodium pentobarbital IP) male Wistar rats with synthetic GIP analogues. 
Intravenous (jugular) infusion of saline or peptide (A: 1 pmoi/min/100 g body 

10 weight or B: 100 pmol/min/1 00 g body weight) was started 5 minutes prior to 1 
g glucose/Kg body weight intraperitoneal injection. Blood samples were taken 
from the tail vein prior to infusion (basal sample) and at 10 minute intervals for 
one hour. Blood glucose measurements were made using hand-held 
glucometers. * = P < 0.05 versus saline control. Data represent the mean ± 

15 SEM of s 4 animals. 

Figure 13: Oral glucose tolerance test (1 g/Kg BW) in conscious unrestrained 
male Wistar rats with or without subcutaneous peptide injection (8 nmol/Kg BW 
In 500 uL volume; or 80 nmol/Kg BW in one case). Basal samples were 
20 obtained from the tail vein prior to oral glucose and peptide injection. Samples 
were then obtained at the indicated time points to measure whole blood glucose 
using a hand held glucometer. Data represent the mean ± SEM of a 4 animals. 

Figure 14: Integrated glucose responses from conscious unrestrained male 
25 Wistar rats having concurrent oral glucose tolerance test and subcutaneous 
peptide injections (i.e. integrated data from figure 13). Area under the curve 
was calculated using the trapezoidal method with baseline subtraction. Data 
represent the mean ± SEM of a 4 animals. 

30 Figure 15: GIP potentiates 1 1 mM glucose induced cell growth to a similar level 
as GH (A) and GLP-1 (B) in INS-1 (832/13) cells. Cells were serum starved 
before and during the course of the experiment. Final cell numbers were 
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always greater than initial plating densities, indicative of mftogenesis, and final 
cell numbers were quantified fluorometrically by CYQUANT™. Values are 
means of 5 (A) and 4 (B) individual experiments done in triplicate, where * 
represents p < 0.05. 

5 

Figure 16: GIP promotes INS-1 (832/13) cell survival during glucose 
deprivation in a concentration-dependent manner. Cells were serum and 
glucose starved for 48 h, and GIP was added for the final 24 h period of culture. 
Final cell numbers were always less than initial plating density, indicating cell 
10 death was occurring, and final cell numbers were quantified fluorometrically by 
CYQUANT™. Values are means of 3 (A) and 4 (B) individual experiments done 
in triplicate, where * represents p < 0.05. 

Figure 17: GIP promotion of INS-1 (832/13) cell survival during glucose 
15 deprivation involves p38 MAPK. Protein kinase inhibitors were added to the 
medium 1 5 min. prior to the final 24 h culture in the absence or presence of 100 
nM GIP. The PKA inhibitor, H89, was unable to reverse GIP (A) or Forskolin 

(B) mediated cell survival. Wortmannin has deleterious effects on cell survival 

(C) , which were partially reversed by GIP. Panel D represents the involvement 
20 of p38 MAP kinase, via specific inhibition with SB202190. Final cell numbers 

were quantified fluorometrically by CYQUANT™, and data represent means of 
3-8 experiments done in triplicate, where * and # represent p < 0.05 vs. 
respective controls. 

25 Figure 18: GIP ablates 0 mM glucose (A) and STZ (B) induced caspase-3 
activity in INS-1 (832/13) cells. Cells were serum starved before and during the 
experiment, and 100 nM GIP, 10 DM forskolin, or 100 nM GLP-1 were added 
for 6 h in the presence and absence of glucose (3 mM) or STZ to assess affects 
on caspase-3 activity. Caspase-3 activity was quantified using the 

30 aminomethylcoumarin (AMC)-derived substrate, Z-DEVD-AMC, and correcting 
for total protein concentration, where * and # represent p < 0.05 vs. respective 
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controls (A, n=3; B, n= 5). Relative activity was ensured to be specific by using 
the caspase-3 inhibitor Ac-DEVD-CHO (A, inset). 

5 Detailed description of the invention 

The present invention relates to novel C-terminally truncated fragments and 
novel N-terminaliy modified analogues of Glucose-dependent Insulinotroplc 
Polypeptide as well as various QIP analogues with a reduced peptide bond or 

10 alterations of the amino acids close to the dipeptidyl peptidase IV (DPIV) 
specific cleavage site with the aim of improving DPIV-resistance and a 
prolonging half-life. The amino acid alterations according to the present 
invention include residues of L-amino acids, D-amino acids, proteinogenic and 
non-proteinogenic amino acids. Proteinogenic amino acids are defined as 

15 natural protein-derived cc-amino acids. Non-proteinogenic amino acids are 
defined as all other amino acids, which are not building blocks of common 
natural proteins. 

Further, the invention relates to novel analogues with different linkers between 
potential receptor binding sites of GIP. 

20 

More particularly, the present invention relates to novel GIP analogues with the 
general amino acid sequence shown in formula (1): 

25 Tyr-A-B-Gly-Thr-Phe-I le-Ser-Asp-Tyr-Ser-l le-Ala-Met (1) 

wherein A and B are amino acid residues including D-amino acid residues, N- 
methylated amino acid residues and any other non-proteinogenic amino acid 
30 residues. Additionally, the N-terminus of the tyrosine residue in position 1 can 
be modified by alkylation, sulphonylation, giycation, homoserine formation, 
pyroglutamic acid formation, dlsulphide bond formation, deamldation of 
asparagine or glutamine residues, methylation, t-butylation, t- 
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butyloxycarbonylatlon, 4-methylbenzylation, thloanysilation, thiocresylation, 
benzyloxymethylation, 4-nltrophenylatlon, benzyloxycaitonylation, 2- 
nltrobenzoylation, 2-nKrosulphenylation, 4-toluenesulphonylation, 
pentafluorophenylation, dlphenylmethylation, 2-chlorobenzyloxycarbonylation, 
2,4,5-trlchlorophenyIation, 2-bromobenzyloxycarbonylatlon, 9- 

fluorenylmethyloxycarbonylation, trlphenylmethylation, 2,2,5,7,8,- 
pentamethylchroman-6-sulphonylation, hydroxylation, oxidation of methionine, 
formyiation, acetyiation, anisyiatlon, benzyiation, benzoylation, 
trifluoroacetylation, carboxyiation of aspartic acid or glutamic acid, 
phosphorylation, sulphation, cysteinylation, glycolysation with pentoses, 
deoxyhexoses, hexosamines, hexoses or N-acetylhexosamines, farnesylation, 
myristolysation, blotinylatJon, palmitoylation, stearoylation, geranylgeranylation, 
glutathionylation, 5'-adenosylation, ADP-ribosylation, modification with N- 
glycolylneuraminlc acid, N-acetylneuraminic acid, pyridoxal phosphate, lipoic 
acid, 4'-phosphopantetheine, and N-hydroxysuccinimide. The peptide of 
formula 1 can be modified by the introduction of at least one e-amino fatty acid 
acylated lysine in any amino acid position. 

The sequence of native GIP (1-14) is excluded from the present invention. 

The most preferred compounds of formula (1) are D-Ala^-GIP (1-14), Pro 3 -GIP 
(1-14) and Se^-GIP (1-14). 

In another preferred embodiment the present invention relates to GIP 
analogues with a reduced peptide bond, shown by formula (2) of 

Tyr-Ala-Y(CH 2 NH 2 )-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-^ 
(2a) 



Tyr-Ala-y(CH2NH)-Glu-Gly-Thr-^^ 

lle-His- Gin-Gln-Asp- 
Phe-Val-Asn-Trp-Leu-Leu-AIa-Gln-Lys (2b) 
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In a further embodiment, the present invention relates to a novel GIP analogue 
with the general amino acid sequence shown by formula (3) of 

Tyr-Ala^lu^ly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Tyr-Met 
(3) 

In another embodiment, the present invention provides novel GIP analogues of 
formulas 4a-4l as result of an alanine scan, in particular, these are 

Ala-Ala-Glu-Gly-Thr-Phe-l!e-Ser-Asp-Tyr-Ser-lle-Ala-Met 
(4a) 

Tyr-Ala-Ala-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met 
(4b) 

Tyr-Ala-Glu-Ala-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met 
(4c) 

Tyr-Ala-Glu-Gly-Aia-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met 
(4d) 

Tyr-Ala-Glu-Gly-Thr-Ala-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met 
(4e) 

Tyr-Ala-Glu-Gly-Thr-Phe-Ala-Ser-Asp-Tyr-Ser-Ile-Ala-Met 
(4f) 

Tyr-Ala^lLHGIy-Thr-Phe-lle-Ala-Asp-Tyr-Ser-lle-Ala-Met 
(4g) 

Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Ala-Tyr-Ser-lle-Ala-Met 
(4h) 

Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Asp-Ala-Ser-lle-Ala-Met 
(40 

Tyr-Ala^3lu<lly-Thr-Phe-lle-Ser-Asp-Tyr-Ala-lle^Ala-Met 
(4j) 
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Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-Ala-Ala-Met 
(4k) 

Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Ala 
(41) 

5 

Novel GIP analogues can be obtained by synthesis of linker peptides. 
Therefore, the present invention provides linker peptides according to formula 
(S): 

10 Tyr-A-B-Gly-Thr-Phe-C^ln-Gln-Asp-Phe-V^ 
Gly-Lys-Lys-Asn-Asp-Trp-Lys-Hls-Asn-lle-Thr-GIn 
(5) 

wherein C is 

15 

a) not used, 

b) a linker peptide consisting of 4 amino acid residues. Any combination of 
amino acid residues, including residues of D-amino acids and non- 
proteinogenic amino acids, is allowed and within the scope of the 

20 present invention, 

c) Glu-Lys-Glu-Lys, 

d) Ala-Ala-Ala-Ala, 

e) a linker peptide consisting of 12 amino acid residues. Any combination of 
amino acid residues, including residues of D-amino acids and non- 
25 protelnogenic amino acids, is allowed and within the scope of the 

present invention, 

f) Glu-Lys-Glu-Glu-Lys-Glu-Lys-Glu-Glu-Lys-Glu-Lys, 

e) 6-AhXn (6-aminohexanoic acid) with n=1-3, or 

f) an omega-amino fatty acid (saturated and/or unsaturated) with 6 to 34 
30 carbon atoms, preferably 6 to 21 carbon atoms; 
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and wherein A and B are amino acid residues including D-amino acid residues, 
N-methylated amino acid residues and any other non-protelnogenic amino acid 
residues. 

The N-terminus of the tyrosine residue in position 1 can be modified by 
alkylation, sulphonylation, glycation, homoserine formation, pyroglutamic acid 
formation, disulphide bond formation, deamidation of asparagine or glutamine 
residues, methylation, t-butylation, t-butyloxycarbonylation, 4- 
methylbenzylation, thioanysilation, thlocresylation, benzyloxymethylation, 4- 
n'rtrophenylation, benzyioxycarbonylation, 2-nitrobenzoyIation, 2- 
nitrosulphenylation, 4-toluenesulphonylation, pentafluorophenylation, 
dlphenylmethylation, 2-chlorobenzyloxycarbonylatlon, 2,4,5- 

trichlorophenylation, 2-bromobenzyloxycarbonylation, 9- 

fluorenylmethyloxycarbonylation, triphenylmethylation, 2,2,5,7,8,- 
pentamethylchroman-6-sulphonylation, hydroxylation, oxidation of methionine, 
formylation, acetylation, anisylation, benzylation, benzoyiation, 
trifluoroacetylation, carboxylation of aspartic acid or glutamic acid, 
phosphorylation,, sulphation, cysteinylation, glycolysation with pentoses, 
deoxyhexoses, hexosamines, hexoses or N-acetylhexosamines, famesylation, 
myristolysation, biotinylation, palmitoylation, stearoylation, geranylgeranylation, 
glutathionylation, S'-adenosylation, ADP-ribosylation, modification with N- 
glycolylneuraminic acid, N-acetylneuraminic acid, pyridoxal phosphate, iipoic 
acid, 4'-phosphopantetheine, and N-hydroxysuccinimlde.. Further, the 
introduction of a reduced peptide bond or any other modification of the peptide 
bond between position 2 and 3 Is provided. The peptide of formula 5 can be 
modified by the introduction of at least one e-amino fatty acid acylated lysine in 
any amino acid position. 

Further, the present invention provides linker peptides according to formula (6): 
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Tyr-A-B-Gly-Thr-Phe-IIe-Ser-Asp-Tyr^er-lle-Ala-Met-D-Gln-Gln-Asp-Phe-Val- 

Asn-Trp-Leu-Leu-Ala^ln-Ly&^ly-Lys-Lys-AsivAsp-Tip-Lys-His-Asn-Ue-Thr- 

Gln 

5 (6) 
wherein D is 

g) not used, 

h) a linker peptide consisting of 4 amino acid residues. Any combination of 
amino acid residues, including residues of D-amino acids and non- 

10 proteinogenic amino acids, is possible and within the scope of the 

present invention, is allowed and within the scope of the present 
invention. 

i) Ala-Ala-Ala-Ala, 
j) Glu-Lys-Glu-Lys 

15 k) 6-AhXn (6-aminohexanoic acid) with n=1-3, or 

0 an omega-amlno fatty acid (saturated and/or unsaturated) with 6 to 34 
carbon atoms, preferably 6 to 21 carbon atoms; 
wherein A and B are amino acid residues including D-amino acid residues, N- 
methylated amino acid residues and any other non-proteinogenic amino acid 
20 residues. 

The N-terminus of the tyrosine residue in position 1 can be modified by 
alkylation, acetyiation and glycation. Further, the introduction of a reduced 
peptide bond or any other modification of the peptide bond between position 2 
25 and 3 is provided. The peptide of formula 6 can be modified by the introduction 
of at least one e-amino fatty acid acyiated lysine in any amino acid position. 

Other novel GIP analogues can be obtained by phosphorylation of Ser 2 . 
Preferred compounds of the present invention are those of formulas 7a-7c: 



30 



Novel GIP analogues of formulas 7a-7c, comprising a phosphorylated seryl 
residue: 
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Tyr-[Ser(P)]-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met 
(7a) 

5 Tyr-[Ser(P)]-Glu^ty-Thr-P^ 

Gln-Gln-Asp-Phe-Val-Asn-Trp-Lou-Leu-AIa-Gln-Lys 

(7b) 

10 Tyr-[Ser(P)>GlihGly-Thr-PheJl^^ 
Gln-Gln-Asp-Phe-VaJ-Asn-Tir>Leu4^ 
Lys-His-Asn-lle-Thr-Gln 

(7c) 

15 

Further, novel GIP analogues are constrained GIP analogues by Introduction of 
side-chain lactam bridges between Asp/Glu- and Lys- residues of the peptide 
sequence. One preferred compound of the presenrTnventJon Is [Cydo(Lys 18 ; 
20 Asp 21 )] GIP (1 -30) as of formula 8 



Tyr-Aia-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lie^Ala-Met- 
Asp-LysJIe-His-GlivGln-A^ 

25 

(8) 

The present invention further includes within its scope both the amide and the 
30 free carboxylic acid forms of the compounds of this invention. In view of the 
close relationship between the free compounds and the compounds in the form 
of their amides, whenever a compound Is referred to in this context, the amide 
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as well as the free carboxylic acid form is intended, provided such is possible or 
appropriate under the circumstances. 

The compounds of the present invention can be converted into acid addition 
5 salts, especially pharmaceutical^ acceptable acid addition salts. The 
pharmaceutlcally acceptable salt generally takes a form in which an amino 
acids basic side chain is protonated with an inorganic or organic acid. 
Representative organic or inorganic acids include hydrochloric, hydrobromic, 
perchloric sulfuric nitric, phosphoric acetic, propionic, glycollc, lactic succinic, 
10 maleic, fumaric, malic tartaric, citric benzoic, mandelic, methanesulfonic, 
hydroxyethanesulfonic, benzenesuifonic, oxalic, pamoic, 2-naphthalenesulfonic 
p-toiuenesulfonic, cyclohexanesulfamic, salicylic, saccharide or trifluoroacetic 
acid. All pharmaceutical^ acceptable acid addition salt forms of the compounds 
of the present invention are intended to be embraced by the scope of this 
is invention. 

In view of the close relationship between the free compounds and the 
compounds in the form of their salts, whenever a compound is referred to in this 
context, a corresponding salt is also intended, provided such is possible or 
20 appropriate under the circumstances. 

The present invention further includes within its scope prodrugs of the 
compounds of this invention. In general, such prodrugs will be functional 
derivatives of the compounds which are readily convertible in vivo into the 

25 desired therapeutically active compound. Thus, in these cases, the methods of 
treatment of the present invention, the term "administering" shall encompass 
the treatment of the various disorders described with prodrug versions of one or 
more of the claimed compounds, but which converts to the above specified 
compound in vivo after administration to the subject Conventional procedures 

30 for the selection and preparation of suitable prodrug derivatives are described, 
for example, in "Design of Prodrugs", ed. H. Bundgaard, Elsevier, 1985 and the 
patent applications DE 198 28 113 and DE 198 28 114, which are fully 
incoiporated herein by reference. 
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Where the compounds according to this invention have at least one chiral 
center, they may accordingly exist as enantiomers. Where the compounds 
possess two or more chiral centers, they may additionally exist as 

s diastereomers. it is to be understood that all such isomers and mixtures thereof 
are encompassed within the scope of the present invention. Furthermore, some 
of the crystalline forms of the compounds may exist as polymorphs and as such 
are intended to be included in the present invention. In addition, some of the 
compounds may form solvates with water (i.e. hydrates) or common organic 

10 solvents, and such solvates are also intended to be encompassed within the 
scope of this invention. 

The compounds, including their salts, can also be obtained in the form of their 
hydrates, or include other solvents used for their crystallization. 

15 

Several compounds of the present invention, including their corresponding 
phamnaceutically acceptable salts, are characterized in that they have an 
improved resistance against degradation by the enzyme activity of dipeptidyl 
peptidase IV (DP IV) or DP IV-like enzymes. DP IV is present in a wide variety 

20 of mammalian organs and tissues e.g. the intestinal brush-border (Gutschmidt 
S. et al., "In situ" - measurements of protein contents in the brush border region 
along rat Jejunal villi and their correlations with four enzyme activities. 
Histochemistry 1981, 72 (3), 467-79), exocrine epithelia, hepatocytes, renal 
tubull, endothejia, myofibroblasts (Feller A.C. et al., A monoclonal antibody 

25 detecting dipeptidyl peptidase IV in human tissue. Vjrchows Arch. A. Pathol. 
Anat Histopathol. 1986; 409 (2)563-73), nerve cells, lateral membranes of 
certain surface epithelia, e.g. Fallopian tube, uterus and vesicular gland, in the 
luminal cytoplasm of e.g., vesicular gland epithelium, and in mucous cells of 
Brunner's gland (Hartel S. et al., Dipeptidyl peptidase (DPP) IV In rat organs. 

30 Comparison of immunohistochemistry and activity histochemistry. 
Histochemistry 1988; 89 (2): 151-61), reproductive organs, e.g. cauda 
epididymis and ampulla, seminal vesicles and their secretions (Agrawal & 
Vanha-Perttula, Dipeptidyl peptidases in bovine reproductive organs and 
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secretions. Int J. Androl. 1986, 9 (6): 435-52). In human serum, two molecular 
forms of dipeptidyl peptidase are present (Krepela E. et al., Demonstration of 
two molecular forms of dipeptidyl peptidase IV in normal human serum. Physiol. 
Bbhemoslov. 1983, 32 (6): 486-96). The serum high molecular weight form of 

5 DP IV is expressed on the surface of activated T cells (Duke-Cohan J.S. et al., 
Serum high molecular weight dipeptidyl peptidase IV (CD26) Is similar to a 
novel antigen DPPT-L released from activated T cells. J. Immunol. 1996, 156 
(5): 1714-21). In one embodiment of the present invention, all molecular forms, 
homologues and epitopes of DP IV from all mammalian tissues and organs, 

10 also of those, which are undiscovered yet, are intended to be embraced by the 
scope of this invention. 

Among the rare group of proline-specrfic proteases, DP IV was originally 
believed to be the only membrane-bound enzyme specific for proline as the 

15 penultimate residue at the amino-terminus of the polypeptide chain. However, 
other molecules have been identified recently that are structurally non- 
homologous with DP IV, but exhibit corresponding enzyme activity. Among the 
DP IV-like enzymes identified so far are fibroblast activation protein a, 
dipeptidyl peptidase IV 6, dipeptidyl aminopeptidase-like protein, N-acetylated 

20 a-llnked acidic dipeptldase, quiescent cell proline dipeptidase, dipeptidyl 
peptidase II, attractin and dipeptidyl peptidase IV related protein (DPP 8), and 
these are described in the review article by Sedo & Malik (Sedo & Malik, 
Dipeptidyl peptidase IV-like molecules: homologous proteins or homologous 
activities? Biochimica et Biophysica Acta 2001, 36506: 1-10). In another 

25 preferred embodiment of the present invention, ad molecular forms, 
homologues and epitopes of proteins comprising DP IV-like enzyme activity, 
from all mammalian tissues and organs, also of those, which are undiscovered 
yet, are intended to be embraced by the scope of this invention. 

30 The common property of the compounds of the present invention, including 
their corresponding pharmaceutically acceptable salts, is their improved 
resistance against degradation by the enzyme activity of DP IV or DP IV like 
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enzymes that can be measured by MALDI-TOF mass spectrometry. The results 
for selected GIP analogues according to the present Invention are shown in 
table 1 to example 3. It was demonstrated by MALDI-TOF-MS mat the 
substitution of amino acids in the cleavage position by D-Ala 2 , NMeGlu 3 , Pro 3 or 
the introduction of a reduced peptide leads to resistance against DPIV 
degradation for up to 24 hours in GIP1.30 analogs as well as in the 
corresponding GIPi-u analogs. Analogs with Va>, Gly-, Ser-substitutJon for Ala 2 
or D-Glu-substitution for Glu 3 showed reduced hydrolysis rates by DPIV. For the 
results see also table 1 . 
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Table 1: N-termlnal sequences, masses and DPIV-resistance of synthetic GIP 
analogs 





N~tenninBl sec[iisiice 


X/Tncc fA/ft 




half Hfe after 
iran " ug unci 






t*o\ Ml 1 n f*vl 


1V1 *T" X3L 


imcubfltioii with 










TTD1V 
XJr IV 




Tyr-Ala-Ghi-Gly.... 


4983.04 


4983.9 






Tyr-Ala-Gki-Gty. ... 


3552.02 


35533 


<15 min 


(HP**, 


Gln-Gly... 


474938 


4751 A 


jnoi oetejmiHffn 


D-Ala -GlPi.aoi 


Tyr-D-Ala-CHa-Gly... 


3552.02 


3553.8 


stable 


N-Meurar«GIPi^oa 


Tyr-Ala-MeCHu-Gly.... 


3565.07 


3566.1 






T^r-Ala-D-Gln-Gly.... 


3551.07 


3553.0 


403 ±48 


ftO -UlFi^o 


Tyr-Alarfto-Giy.... 


3519.07 


3572.9 


WHP1B 




TyT-Ser-Ghi-Gly.... 


3557.07 


3568.0 


137.1±123 




TyT-Val-Cflu-Gly-.. 


3579.12 


3580.7 


2983 ±922 






3537.04 


3539.1 


1503 ±273 


YAv(CH2NHHHPi*v. 


Tyr-Alaw(CH2NH>- 


3537.07 


3539.0 


stable 




(Hu-Gly... 










Tyr-AlarOu-dy.... 


685.74 


6869 


>73mm 


D-Ala 2 -OIPi^i 


Tyr-D- Ala-Gfu-Gly. ... 


685.74 


6867 


stable 

Not detectable b 






671.71 


572.0 


SerMHPt* 


Tyr-Ser-<3torCay.... 


701.74 


7020 


79.0*122 




Tyr-Pro-Gtu-Gly.-. 


711.78 


7127 


> 7.5 mm 




Tyr-Val-Ghi-Gly.... 


713.79 


715.2 


Not detectable 


ProrGlPi^ 


Tyr-AiarPro-CHy.... 


653.78 


655,0 


stable 


YAt|f(CI£2NH)-GIPj. lte 


Tyr-Ato|r(CH2NB)- 


1553,75 


1555,7 


stable 


Pio'-GIPi.u 


Gw-Gly... 








Ty^Ala-fto-Gly.... 


1535,75 


1534,0 


stable 




Tyr-D-Ala-Gbi<Hy... 


1557,75 


1570,6 


stable 


(HPi.i3 


T^-Ala-CHtt-Giy.... 


143537 


1435.6 


113 ±Z5 


GIPms 


Tyr-Ala^3n-Giy.... 


1681.85 


1682.5 


35.0 ±52 




Asp-Lys-He-Aig.... 


200134 


20033 


Not determined 




Ile-Arg-Gln-Gln 


1758.07 


1761.1 


Not determined 




CHn-Gb-Asp-Phe 


1488.72 


1489.8 


Not determined 




Ile-Ser-Asp-Tyr 


2882.31 


2886.9 


130.1 ±10.6 



s ? After 15 min are 92% of GIP130 hydrolyzed 

"After 1500 min only 25 % of G^GP^ are degraded 

In another preferred embodiment, the compounds of the present invention, 
10 including their corresponding pharmaceutical^ acceptable salts, are 
characterized by their ability to bind to the GIP-receptor. The ability of the 
compounds of the present invention, including their corresponding 
pharmaceutical^ acceptable salts to bind to the GIP-receptor can be measured 
employing binding studies using 12S Mabeled spGlPi^ such as pursuant to the 
is method described In example 4. 

The displacement studies do not show non-specific binding of the compounds 
to the receptor. This is a term used to describe binding remaining In the 
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presence of excess (£1uM) GIP1.42 (or GIP1.30). This value has already been 
subtracted from data presented. 

Examples of compounds of the present Invention that bind and displace 125 l- 
5 GIP1.42 from the GIP-receptor are shown in Figures 8, 10 and 1 1 and in Tables 
2and3. 

Surprisingly, the compounds of the present Invention are functionally active. 
The biological activity of the compounds of the present invention, Including their 

10 corresponding pharmaceutical^ acceptable salts, can be measured by 
determining the production of cyclic AMP following receptor binding. The cAMP 
production assay is described in example 4. Substitution of D-Glu for Glu 3 and 
D-Ala for Ala 2 resulted in peptides with only small reductions in their ability to 
stimulate adenylyi cyclase whereas the Vaf-and Gly^analogs showed a 

is significant reduction in efficacy, interestingly, the introduction of the reduced 
peptide bond resulted in a dramatic deterioration of cAMP production. This 
confirms the importance of the integrity of the N-teiminus of GIP. Further results 
are shown in Tables 2 and 3 and in Figures 1-7. 
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Table 2: Cyclic AMP production and competitive binding displacement 
studies on GIP analogs of variable length 



Svnthetic 


cAMP Production 


Receptor Binding 


PfiDtida* 


(rOKj t 


ioSol i 








1 n ##M 


on #/M 


/o uispiacyrneni 
at10//M 


lOso ylMJ 


GIP(1-42)oh 


119±11 




100 


32 ±0.3 


1-6nh2 


127 ±0.18 


1.08 ±0.03 


-3.6 ±7.8 




1-7nh2 


0.92 ±0.05 


1.06 ±0.06 


-6.1 ±3.4 




1-13oh 


1.03 ±0.06 


1.15 ±0.07 


-02 ±3.4 




1-13nh2 


651 ±1.33 


15.7 ±3.0 


5.0 ±1.1* 




M4oh 


88.9 ±9.5 


852 ±7.6 


51.3 ±12 




M4nh2 


75.4 ±10.7 


88.3 ±5.9 


27.9 ±28 




M5oh 


0.97 ±0.06 


0.91 ±0.05 


-3.1 ±4.3 




M5NH2 


226 ±0.32 


4.37±0.51* 


4.2 ±1.7 




1-30nhz 


108 ±12 


_c 


99.8 ±12 


2.0 ±0.7 


7-30wb 


0.89 ±0.06 


0.85 ±0.03 


99.3 ±1.0 


23.7 ±3.7 


15-42qh 


1.02 ±0.10 


1.01 ±0.03 


832 ±0.7 


1270 ±150 


15-30 NH 2 


124 ±028 


1.01 ±0.11 


82.7 ±1.0 


1400±310 


16-30NH2 


1.04 ±0.06 


0.80 ±0.02 


82.1 ±1.9 


2530 ±450 


17-30nh2 


1.13 ±0.09 


1.12 ±0.05 


81 .9 ±2.1 


1540 ±550 


19-30NH2 


20.1 ±1.3 


45.0 ±1.6 


52.3 ± 0.6 





*: p < 0.05 

a : Basal cyclic AMP = 2.737 ± 0.079 fmol/1000 cells; 
b : cyclic AMP stimulated by 20 iM peptide, if plateau levels were not achieved 
10 °: By definition, 1 0 fM GIPi^s displaces all specific 125 I-GI P binding. 
d : Estimated using maximal G I Pi .^stimulated cAMP. 
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Table 3: Summary statistics for cyclic AMP production and competitive 
binding displacement studies on synthetic GIP fragments using 
5 CHO-K1 cells transfected with the rat G IP-receptor. Data 

represent mean ± S.EM of 3 Independent experiments. 



Synthetic Peptide: 


Molecular Weight 


cAMP Production 


Receptor Binding 




(Dattons) 












Expected 


Measured 


MaxcAMP" 


ECao 


% DtapJacemenj 


ICb 








(Fold Basal) 




at20//M 




GIP(M20H) 


4984.3 


4984.7 


122*10 


231±34pM 


-100" 


4*18 ±047 nM 


GIPd-eKtttQNHt 


2167.6 


2158.8 


121 ±0.42* 




88.2*0.7 


2.74*0.37 QM 


Q!P(i-eKMMXt»tt9»tttt 


2441.8 


2440.5 


721 ±0.99* 




88.7*3.0 


2.41*0.46 DM 


QIP(MMKBW*a8J«i 


2872.1 


2674.1 


8.17*0*87* 




88.8 ±1.8 


2.09*023 DM 


G!P(i-403CBBB<Ee^(i»«Q»e 


3574.0 


3575.9 


84.0*8.1* 


8.39 ±0.1 SpM" 


75.1 *2.7 


427*0.14 DM 


GiP(t-«HttDti(f»«o)Ntt 


2270.7 


2274.0 


95.9 ±8.6* 




62.0*4.3 


8.73*224 DM 


GlPft-Wfaftwayttt 


2383.8 


2388.0 


2.55 ±0.84* 




75.3 ±3.3 


4.88*040 DM 




2407.0 


2488.6 


13**1.5* 




67.1*1.0 


403 ±0.64 QM 


GIP(M4(1M0pftt 


3038.6 


3040.6 


127*22 


78.7 ± 2^ nM* 


054*0.7 


137*0.08 QM 


GIP(I-l4XAAAAJC»M05»fi 


3322.9 


33283 


82.1 ±2.8* 


58.7±2.7pM* 


100.0*0.9 


6&3*7.5nM 


GIP(M4(B(BQtti>«QMfe 


356a0 


3551.6 


80.6*5.6* 


77X)±aipM* 


98.7*1.1 


26.0 ±1.6 nM 


Gtp0.i^(Ahd1(fO4Q}lifi 


3161.6 


3155.6 


102.1 ±5.0 


1.41 *032//M* d 


88.1*1.9 


2.71*023 DM 


GIP(i-i4)(Ate52flMp)J«i 


3264.0 


3264.8 


95.9±3w2* 


2^1 *025/fM* d 


85.8*1.6 


2.77*0.14 DM 


G[PfM4)fAM8f1B40tt§!2 


3377.9 


3389.4 


49.6 ±1.6* 


-20tfM* d 


82.7*32 


321 ±0.44 DM 



*:p<0.05 

10 a : Basal cyclic AMP = 2.737 ± 0.079 fmol/1000 cells; 

b : cyclic AMP stimulated by 20 uM peptide, if plateau levels were not achieved 
°: By definition, 10 jjM GIP^ displaces all specific 126 I-GIP binding. 
d : Estimated using maximal GlPi^z-stimulated cAMP. 



Based on their functional activity in vitro, compounds of the present invention 
were tested for their ability to improve glucose tolerance and decrease glucose 
AUC in mammals in vivo and therefore are useful for the treatment of non- 
insulin dependent diabetes mellitus (NIDDM). The ability of the compounds, 
20 including their corresponding pharmaceutical^ acceptable salts, to improve 
glucose tolerance in a mammal and to decrease glucose AUC can be 
measured employing the Wistar rat model. The method is described in Example 
5. Results are shown in Figures 12, 13 and 14. 



25 Based on their receptor binding capabilities and their stimulatory effect on 
cAMP release, it was found that the compounds of the present invention are 
able to potentiate glucose dependent proliferation of pancreatic p-cells. 
Surprisingly, and as an especially preferred embodiment, the compounds of the 
present invention show, independently from the presence of glucose, a 
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concentration-dependent effect on the p-cell survival. The ability of the 
compounds of the present Invention, Including their corresponding 
pharmaceutically acceptable salts, to potentiate glucose dependent p-cell 
proliferation as well as glucose independent f5-cell survival can be measured 
s employing an assay with INS-1 cells as described in Example 6. Results ate 
shown In Figures 15 and 16. 

One of the most surprising findings is that the compounds of the present 
invention have an anti-apoptotic effect on pancreatic p-cells. The anti-apoptotic 

10 effect of the compounds of the present invention, including their corresponding 
pharmaceutically acceptable salts, can be measured employing a caspase-3 
activation assay as described in Example 7. The results are shown in figure 
18A. Caspase-3 activation is a marker for the induction of cellular apoptosls. 
Based on their receptor binding capabilities and their stimulatory effect on 

is cAMP release, it was found that the compounds of the present invention are 
able to selectively block activation of caspase-3 in response to glucose 
withdrawal. 

In another in vitro assay, streptozotocln (STZ)-induced p-cell death of INS-1 
20 cells, it has been demonstrated that the compounds of the present invention 
and including their corresponding pharmaceutically acceptable salts, are able to 
protect against the pro-apoptotic (caspase-3 activating) effects of STZ 
completely. The method is described in Example 7. The results are shown in 
Figure 18B. 

25 

In a further embodiment, the present invention provides pharmaceutical 
compositions e.g. useful in GIP-receptor binding comprising a pharmaceutically 
acceptable carrier or diluent and a therapeutically effective amount of a 
compound of formulas 1-8, or a pharmaceutically acceptable salt thereof. 

30 

In still another embodiment, the present invention provides a method for binding 
or blocking GIP-receptor comprising administering to a mammal in need of such 
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treatment a therapeutically effective amount of a compound of formulas 1-8 
above, or a pharmaceutical^ acceptable salt thereof. 

In a further embodiment, the present invention provides a method for treating 
5 conditions mediated by GIP-receptor binding comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a 
compound of formulas 1-8 above, or a pharmaceutical^ acceptable salt thereof. 

The present invention also relates to the use of a compound according to the 
10 present invention or a pharmaceutically acceptable salt thereof e.g. for the 
manufacture of a medicament for the prevention or treatment of diseases or 
conditions associated with GIP-receptor signaling. 

In a preferred embodiment, the present invention relates to the use of a 
is compound according to the present invention or a pharmaceutically acceptable 
salt thereof e.g. for the manufacture of a medicament for the prevention or 
treatment of diabetes melfitus and obesity. 

Examples of the Invention 

20 

Example 1: Solid-phase Synthesis of Peptides 

The GIP analogs were synthesized with an automated synthesizer SYMPHONY 
(RAININ) using a modified Fmoc-protocol. Cycles were modified by using 

25 double couplings from the 15 th amino acid from the C-terminus of the peptide 
with five-fold excess of Fmoc-amlno acids and coupling reagent. The peptide 
couplings were performed by TBTU/NMM-activation using a 0.23 mmol 
substituted NovaSyn TGR-resin or the corresponding preloaded Wang-resin at 
25 v/mol scale. The cleavage from the resin was carried out by a cleavage- 

30 cocktail consisting of 94.5 % TFA, 2.5 % water, 2.5 % EDT and 1 % TIS. 

Analytical and preparative HPLC were performed by using different gradients 
on the LiChrograph HPLC system of Merck-Hitachi. The gradients were made 
up from two solvents: (A) 0.1 % TFA in H2O and (B) 0.1 % TFA in acetonrtrile 
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Analytical HPLC were performed under the following conditions: solvents were 
run (1 ml/min) through a 125-4 Nucleosil RP18-column, over a gradient from 5 
%-50 % B over 15 min and then up to 95 % B until 20 min, with UV detection (X 
= 220 nm). Purification of the peptides was carried out by preparative HPLC on 
s either a 250-20 Nucleosil 100 RP8-column or a 250-1 0 LiChrospher 300 RP18- 
column (flow rate 6 ml/mln r 220 nm) under various conditions depending on 
peptide chain length. 

For the identification of the peptide analogues, laser desorption mass 
spectrometry was employed using the HP G2025 MALDI-TOF system of 
10 Hewlett-Packard. 

Example 2: Synthesis of GIP analogues with a reduced peptide bond 

15 Tyr-Ala\|r(CH 2 NH)-GIPMoa and Tyr-Ate\|r(CH 2 NH)-GIP3.i4a were synthesized by 
coupling 2 equivalents of Fmoc-Tyr(tBu)v(CH2NH)-Glu(tBu)-Gly-OH by 
TBTU/DIPEA activation and double coupling over 4 hours. The corresponding 
GIPfrso and GIP5-14 fragments were synthesized as described above. 
The synthesis of the fully protected tetrapeptide Tyr-Alay(CH 2 NH)-Glu(tBu)- 

20 Gly-OH was carried out on the acid sensitive Sasrin resin in a 0.7 mmol scale 
by Fmoo-strategy as described in Example 1 using a half-automated peptide 
synthesizer Labortec (BACHEM). The protected tetrapeptide was cleaved from 
the resin by 1 % TFA. The reduced peptide bond was incorporated via 
reductive alkylation of the N-terminaJ deprotected peptide on the sasrin resin 

25 with Fmooalaninal. 

Example 3: Determination of DPIV Resistance by MALDI-TOF Mass 
Spectrometry 

30 

The hydrolysis of peptide analogues by purified kidney DPIV was studied as 
described previously [12]. In brief, peptides were incubated in 0.04 M Tris buffer 
pH 7.6 and DPIV for up to 24 h. Samples were removed from ttie incubation 
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mixture and prepared for MALDI-TOF mass spectrometry, as described in 
Pauly, R. P., Rosche, F., Wermann, M., Mcintosh, C. H. S., Pederson, R. A., 
and Demuth, H. U. Investigation of glucose-dependent insulinotropic 
polypeptide-(1- 42) and glucagon-like peptide-1-(7-36) degradation in vitro by 
5 dipeptldyl peptidase IV using matrix-assisted laser desoiption/ionization time of 
flight mass spectrometry - A novel kinetic approach. J Biol Chem 271(38), 
23222-23229. 1996. 

10 Example 4: In vitro studies 

Chinese hamster ovary (CHO-K1) cells stably expressing the rat pancreatic 
islet (wild type) GIP-receptor (wtGIP-R1 cells) were prepared as described 
previously [19,21]. Cells were cultured In DMEM/F12, supplemented with 10 % 
is newborn calf serum, 50 units/ml penicillin G, and 50 //g/ml streptomycin 
(Culture media and antibiotics from Gibco BRL, Life Technologies). Cells were 

grown in 75 cm 2 flasks until 80-90 % confluent, when they were split and 
seeded onto 24 well plates at a density of 50,000 ceils/well. Experiments were 
carried out 48 h later. 

20 

Binding studies 

125 

Binding studies using Mabeled spGlPi^, purified by high performance liquid 
chromatography (HPLC), were performed essentially as described previously 
[21]. wtGIP-R1 Cells (1-5 x 10 5 /well) were washed twice at 4 °C in binding 
25 buffer (BB), consisting of DMEM/F12 (GIBCO), 15 mM HEPES, 0.1 % bovine 
serum albumin (BSA), 1% Trasyiol (aprotinin; Bayer), pH7.4. They were 

incubated for 12-16 h at 4 °C with 125 l-spGIP (50,000 cpm) in the presence or 
absence of unlabeled GIPm 2 or analogue. Following incubation, cells were 
washed twice with Ice cold buffer, sdubillzed with 0.1 M NaOH (1 ml), and 
30 transferred to culture tubes for counting of cell-associated radioactivity. 
Nonspecific binding was defined as that measured in the presence of 1 pM 
GIPi*tt orGIPvao, and specific binding expressed as % of binding in the 
absence of competitor (%B/Bo). 
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cAMP production 

Wild type GIP-R1 cells were cultured for 48 h, washed In BB at 37 °C, and 
prelncubated for 1 h prior to a 30 min stimulation period with test agents in the 

5 presence of 0.5 mM IBMX (Research Biochemicals Intl., Natick, MA) [19,21 J. 
Witt) inhibition experiments, cells were incubated with GIP analogues for 15 min 
prior to a 30 min stimulation with 1 nM shGlPi^. Cells were extracted with 70 
% ethanol and cAMP levels measured by radioimmunoassay (Biomedical 
Technologies, Stoughton, MA) [19,21]. Data are expressed as fmol/1000 cells 

10 or % maximal GlPi^-stimulated cAMP production (inhibition experiments). 

Example 5: Improvement of glucose tolerance after subcutaneous 
administration of synthetic GIP analogues to Wistar rats 

15 

Male Wistar rats (250-350 g) were starved overnight (16-18 hours) with free 
access to drinking water. Whole blood samples were taken from the tail vein of 
conscious unrestrained rats, for determination of blood glucose (using a hand- 
held glucometer); plasma was separated by centrifugation (20 min, 12,000 rpm, 

20 4C) for measurement of plasma insulin concentrations. A basal sample was 
obtained immediately prior to an oral glucose tolerance test (1 gram glucose/Kg 
body weight) and intra-scapular subcutaneous Injection of peptide analogue (8 
nmol/Kg body weight) or saline control (500 microlitre injection volume). Blood 
samples were taken at t = 2, 10, 20, 30, and 60 for Insulin determination, and 

25 blood glucose was measured at 10 minute intervals, integrated glucose 
response was calculated using the trapezoidal algorithm with baseline 
subtraction. 

30 Example 6: GIP stimulates cell proliferation and promotes survival offi-(INS-l) 
Cells 



Cell culture and reagents 
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INS-1 cells (clone 832/13) were cultured In 11 mM glucose RPMI (Sigma 
Laboratories, Natick, MA, USA) supplemented with 2 mM glutamine, 50 uM p- 
mercaptoethanol, 10 mM HEPES, 1 mM sodium pyruvate, and 10 % fetal 
bovine serum (Cansera, Rexdale, Ont, Canada). Prior to experiments, cells 
5 were harvested into either 6-well (2 x 10 s cells/Well; Becton Dickinson, Licoln 
Park, NJ, USA), 24-well (5 x 10 s cells/Well), or 96-well (5 x 10 4 cells/well) plates. 
Cell passages 45-60 were used. 

GlP-receptor characterization studies; competitive binding, cAMP, and insulin 
10 release 

Synthetic porcine GIP (5|ig) was iodinated by the chloramine-T method, and the 
125 I-GIP was further purified by reverse phase high performance liquid 
chromatography to a specific activity of 250-300 uCi/pg. Competitive binding 
analyses were performed as described in Example 4. For cAMP studies, cells 

is were washed twice and then stimulated for 30 minutes with GIP in the presence 
of the phophodiesterase inhibitor 3-isobutyM-methylxanthine (0.5 mM IBMX; 
RBI/Sigma, Natick, MA, USA). Following stimulation, reactions were stopped, 
and cells lysed, in 70% ice-cold ethanoi, cellular debris removed by 
centrifugation, and cAMP subsequently quantified by radioimmunoassy (RIA) 

20 (Biomedical Technologies Inc., Stoughton, MA, USA). All insulin release 
experiments were performed over 60 minutes, in the absence of IBMX, and 
insulin secreted into the media was quantified by RIA. 

Since G IP-receptors in the INS-1 done 832/13 cell line had not been previously 
25 characterized, binding, adenylyl cyclase stimulation and insulin secretory 
responses to GIP were initially studied. Ceils expressed receptors at a density 
of 1571 ± 289 binding sites/cell (n=3) with an IC50 for binding of 21 .1 ± 2.49 nM 
(n=3) and a Ko ■ 106.2 ± 4.3 fmol (n=3); cAMP production was stimulated by 
GIP with an EC 60 of 4.70 ±1.81 nM (n=4)); 5.5 mM glucose stimulated insulin 
30 secretion was potentiated by 10 nM GIP (1 .63 ± 0.183 % total insulin secreted 
for 5.5 mM glucose vs. 2.44 ± 0.29 % total insulin secreted (p < 0.05, n=3)). 
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Cell quantification 

Cells were seeded into 96-well plates (5 x 10 4 cells/well) prior to 
experimentation. After establishing metabolic quiescence in the absence of 
serum for 24 h, cells were cultured in low glucose media (RPMI with 0.1 % 

s BSA) with agonists (glucose, glucose + GIP/GLP-1/GH) for an additional 24 h. 
Thereafter, cells were washed with KRBH (115 mM NaCI, 4.7 mM KCI, 1.2 mM 
KH 2 P0 4 , 10 mM NaHCOa, 1.28 mM CaCfe, 1.2 mM MgS0 4 containing 10 mM 
HEPES and 0.1 % bovine serum albumin, pH 7.4) and frozen at - 70 °C until 
assayed. Cells were quantified using the CYQUANT™ assay system 

10 (Molecular Probes, Eugene, OR, USA) according to the manufacturers' 
protocol. Final cell numbers were always greater than the initial number plated 
in assessing cellular proliferation. 

Cell survival was assessed in the presence of prolonged glucose deprivation. 
24 h after glucose deprivation (RPMI with 0.1 % BSA), GIP or forskolin were 
15 added for an additional 24 h, and cell number was quantified. Final cell 
numbers were always less than the initial number plated in assessing cell 
survival. 

GIP potentiates glucose dependent p-ceB proliferation 

20 The INS-1 cell line has been extensively investigated previously as a cellular 
model for p-cell proliferation (Hugl SR, White MF, Rhodes CJ 1998: Insulin-like 
growth factor 1 (IGF-l)-stimulated pancreatic beta-cell growth is glucose- 
dependent. J. Biol. Chem. 273:17771-17779; Dickson LM, Linghor MK, 
McCuaig J, Hugl SR, Snow L, Kahn BB, Myers Jr. MG, Rhodes CJ (2001), 

25 Differential activation of protein kinase B and p70S6K by glucose and insulin- 
like growth factor 1 in pancreatic beta cells (INS-1). J. Biol. Chem. 276:21110- 
21120). GIP was found to potentiate 11 mM glucose mediated 0-cell 
proliferation (Figure 15A) to levels comparable to those obtained with GH (158 
± 16 % of growth in the presence of 5.5 mM glucose for 100 nM GIP; 158 ± 9 % 

30 for 10 nM GH (n=3-5)). In a separate experiment (Fig. 16B), 100 nM GIP 
stimulated cell growth to 131 ± 7 % of that measured in the presence of 5.5 mM 
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glucose, similar to the proliferative responses to 100 nM GUP-1 (129 ± 4 %; 
n=4). 

GIP inverses the detrimental effect of 0 mM glucose 

s While determining the glucose-dependence of these growth promotive effects, It 
was observed that GIP was capable of reversing the detrimental effects of 0 
mM glucose media on cellular survival. Incubation of cells In the presence of 0 
mM glucose media for 48 h resulted in approximately 50 % cell death (Figure 
16A). Surprisingly, 91 ± 10 % of the cells plated remained viable when the 

w media was supplemented with 100 nM GIP after 24 h. These cell survival 
effects of GIP were found to be concentration-dependent with an ECso value of 
1 .24 ± 0.48 nM GIP (n=4; Figure 16B). 

GIP has a protective effect against wortmannin-induced cell death 
15 In order to establish which intracellular signaling pathways were Involved in the 
GlP-induced cell survival, studies were performed with pharmacological 
inhibitors used at concentrations shown to exhibit selectivity for candidate 
protein kinases (Figure 17). Stimulation of adenylyl cyclase with forskolin 
mimicked the effects of GIP on cell survival, but the lack of effect of H89 (Figs. 
20 18A and B) indicates a PKA-independent mode of action. Neither of the 
Mek1/2 inhibitors PD98059 (50 and 100 //M) nor U0126 (10 fM) blocked the 
effects of GIP on cell survival (n=3). The ability of GIP to promote cell survival 
was further supported by studies on the effect of the PI3Kinase-PKB pathway 
inhibitor, wortrnannin (Figure 17C). Since wortmannin atone promoted cell toss 
25 It was not possible to determine whether GIP activates the PI3Klnase-PKB 
pathway. However, cells were partially protected against wortmannin-induced 
cell loss by GIP treatment (n=3, p<0.05). The only compound tested that 
influenced GIP-mediated cell survival was the inhibitor SB2021 90 (Figure 17D), 
indicating that GIP can act via p38 MAPK. 

30 

Example 7: GIP has an anthapoptotlc effect 
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Caspase-3 activity 

INS-1 cells (clone 832/13) seeded Into 6-well plates were serum starved for 12- 
24 h and subjected to glucose deprivation (RPMI with 0.1 % BSA) or treatment 
with 2 mM streptozotocin (STZ). GIP and GLP-1 were added 10 min prior to 
5 STZ and for 30 min during STZ. Following treatment, caspase-3 activity was 
determined after 2, 6, or 24 h according to the manufacturers' protocol 
(Molecular Probes, Eugene, OR, USA). Caspase-3 activity/well was corrected 
for total protein content using the BCA protein assay (Pierce, Roxford, II, USA). 

10 Caspase-3 activation is a marker for the induction of cellular apoptosis. To 
establish whether the cell survival effects of GIP were due to anti-apoptotic 
actions of the polypeptide, activation of caspase-3 induced by glucose 
deprivation was studied. Figure 18A illustrates that 0 mM glucose promoted 
apoptosis by 6 h (not by 2 h; data not shown), and that this effect was 

is completely reversed by addition of GIP or forskolin. The conclusion that GIP 
selectively blocked activation of caspase-3 in response to glucose withdrawal 
was confirmed by the demonstration that the specific aldehyde, inhibitor of 
caspase-3, Ac-DEVD-CHO, completely blocked low glucose activation (Fig. 
19A). 

20 

STZ-lnduced cell death 

The ability of GIP to protect against streptozotocin (STZ)-induced 0-cell death 
was studied. When added 10 minutes prior to, and during, a 30 minute STZ 
exposure, GIP was able to protect against the pro-apoptotic (caspase-3 
25 activating) effects of STZ completely (Figure 18B). 
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Claims 



1 . A compound having the amino acid sequence: 
Tyr-A-B-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met 

wherein A and B are amino acid residues including D-amino acid residues, N- 
methylated amino acid residues and any other non-proteinogenic amino acid 
residues or a pnarmaceutically acceptable salt thereof, excluding the sequence 
of native GIP (1-14). 

2 A compound according to claim 1, wherein the N-terminus of the tyrosine 
residue in position 1 can be modified by alkylatton, sulphonylation, glycation, 
homoserine formation, pyrbglutamic acid formation, disulphide bond formation, 
deamidation of asparagine or glutamine residues, methylation, t-butylation, t- 
butyloxycarbonylation, 4-methylbenzylation, thioanysilation, thiocresylation, 
benzyloxymethylation, 4-nitrophenylatlon, benzyloxycarboriylation, 2- 
nrtrobenzoylation, 2-nrtrosuiphenylation, 44oluenesulphonylation, 
pentafluorophenylation, diphenylmethylation, 2K5hlorobenzyIoxycaroonylation, 
2,4,5-trichtorophenylation, 2-bromobehzyloxycarbonylatlon, 9- 

fluorenylmethyloxycarbonylatlon, triphenylmethylatton, 2,2,5,7,8,- 
pentamethylchroman-6-sulphonylation, hydroxylation, oxidation of methionine, 
formylation, acetylation, anisylation, benrylation, benzoylation, 
trifluoroacetylation, carboxylation of aspartlc acid or glutamic acid, 
phosphorylation, sulphation, cysteinylatlon, glycolysatlon with pentoses, 
deoxyhexoses, hexosamlnes, hexoses or N-acetylhexosamlnes, famesylation, 
myristolysation, biotinylation, palmrtoylation, stearoylation, geranylgeranylation, 
glutathionylation, 5'-adenosylation, ADP-rlbosylatlon, modification with N- 
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glycolylneuraminic acid, N-acetylneuraminlc acid, pyridoxal phosphate, lipoic 
acid, 4-phosphopantetheine, and N-hydroxysuccinimlde. 

3. A compound according to claims 1 or 2, wherein the peptide is modified by 
the introduction of at least one s-amino fatty acid acylated lysine in any amino 
acid position. 

4. A compound according to claims 1, 2 or 3 having the amino acid sequence: 
Tyr-(D-Ala)-Glu-Gly-Thr-Phe-ile-Ser-Asp-Tyr-Ser-lle-Ala-Met. 

5. A compound according to claims 1, 2 or 3 having the amino acid sequence: 
Tyr-Ala-Pro-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met. 

6. A compound having the following amino acid sequence and comprising a 
reduced peptide bond: 

TVr-Ala-T(CH 2 NH2)-Glu-Gly^Thr-Phe-lle^er-Asp-Tyr-Ser-lle-Ala-Met;or 
Tyr-AJa-\]/(CH2NH)-Glu-GJy-Th^^ 

lle-His-Gln-Gln-Asp-Phe-Val-Asn-Tn>Leu-Leu-Ala-Gln-Lys; or 



a pharmaceutically acceptable salt thereof. 

7. A compound having the amino acid sequence: 

Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Tyr-Met 
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or a pharmaceutical^ acceptable salt thereof. 
8. A compound having the amino acid sequence: 

5 

A!a-Ala-Glu-Qly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met; 
Tyr-Ala-Ala«<aly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met; 
10 Tyr-Ala-Glu-Ala-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Aia-Met; 
Tyr-Ala-Glu-Gly-Ala-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met; 
Tyr-Ala-Giu-Gly-Thr-Ala-lle-Ser-AsD-Tyr-Ser-lle-Ala-Met; 

15 

Tyr-Ala-Glu-Gly-Thr-Phe-Ala-Ser-Asp-Tyr-SeHle-Ala-Met; 
Tyr-AIa-Glu-Gly-Thr-Phe-lle-Ala-Asp-Tyr-Ser-Ue-Ala-Met; 
20 Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Aia-Tyr-Ser-lle-Ala-Met; 
Tyr-Ala-Glu-Gly-Thr-Phe-Ile-Ser-Asp-Ala-Ser-lle-Ala-Met; 
Tyr-Ala^lu^ly-Thr-Phe-lle-Ser-Asp-Tyr-Ala-lte-Ala-Met; 

25 

Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-ASD-Tyr-Ser-Ala-Ala-Met;or 
Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-IIe-Ala-Ala; 
30 or a pharmaceutically acceptable salt thereof. 



> 
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9. A compound having the following amino acid sequence and comprising one 
or more linker peptides: 



Tyr^A-B-Gly-Thr-Phe-C-Gln-Gln-Asp-Phe-VaJ-Asn-Trp-Leu-Leu-Ala-Gln-Lys- 
5 Gly-Lys-Lys-Asn-Asp-Trp-Lys-His-Asn-lle-Thr-GIn; 

wherein C is 

a) not used, 

10 b) a linker peptide comprising 4 amino acid residues selected from the 
group consisting of amino add residues, D-amino acids and non- 
proteinogenic amino acids, 

c) Glu-Lys-Glu-Lys, 

d) Ala-Ala-Ala-Ala, 

15 e) a linker peptide comprising 12 amino acid residues selected from the 
group consisting of amino acid residues, D-amino acids and non- 
proteinogenic amino acids, 

f) Glu-Lys-Giu-Glu-Lys-Glu-Lys-Glu-Glu-Lys-Glu-Lys, 

g) 6-AhXn (6-amlnohexanoic acid) with n=1 -3, or 

20 h) an omega-amino fatty acid (saturated and/or unsaturated) with 6 to 34 
carbon atoms; and 

wherein A and B are amino acid residues, D-amino acid residues, N-methylated 
amino add residues or any other non-proteinogenic amino add residues; or 
25 pharmaceutical^ acceptable salts thereof. 

10. A compound according to claim 9, wherein the N-terminus of the tyrosine 
residue in position 1 can be modified by alkylation, aulphonylation, gtycatfon, 
homoserine formation, pyroglutamic acid formation, disulphide bond formation, 
30 deamidatlon of asparagine or glutamlne residues, methylation, t-butylaUon, t- 
butyloxycarbonylation, 4-methylbenzylation, thioanysilation, thiocresylation, 
benzyloxymethylation, 4-nitrophenylation, benzyloxycarbonylation, 2- 
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nitrobenzoylation, 2-nitrosulphenylation, 4-toluenesulphonylation, 
pentafluorophenylation, diphenylmethylation, 2-chIorobenzyloxycarbonylation, 
2,4,5-trichlorophenylation, 2-bromobenzyloxycarbonylation, 9- 

fluorenylmethyloxycarbonylation, triphenylmethylation, 2,2,5,7,8,- 
pentamethylchroman-6-suIphonylation, hydroxylatlon, oxidation of methionine, 
formylation, acetylation, anisylation, benzylation, benzoylation, 
trtfluoroacetylation, carboxylation of aspartic acid or glutamic acid, 
phosphorylation, sulphation, cysteinylation, glycoiysation with pentoses, 
deoxyhexoses, hexosamines, hexoses or N-acetylhexosamines, famesylation, 
myristolysation, biotinylation, palmitoylation, stearoylation, geranylgeranylation, 
glutathlonylatlon, 5'-adenosylation, ADP-ribosylation, modification with N- 
glycolylneuraminic acid, N-acetylneuraminic acid, pyridoxal phosphate, lipoic 
acid, 4'-phosphopantetheine, and N-hydroxysuccinimide. 

1 1 . A compound according to claims 9 or 10, wherein the peptide is modified by 
the introduction of at least one e-amino fatty acid acylated lysine in any amino 
acid position. 

12. A compound according to claims 9, 10 or 11, wherein the peptide is 
modified by introduction of a reduced peptide bond or any other modification of 
the peptide bond between A and B. 

13. A compound having the following amino acid sequence and comprising one 
or more linker peptides: 

T^A-B-Gly-Thr-Phs-lle-Ser-Asp-Tyr-Ser-ll^ 

Asn-Trp-Uu-Lei^Ala-Gln-Lys^ly-Lys-Lys-Asn-Asp-Tro-Lys-His-A^ 

Gin 



wherein D is 
a) not used, 
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b) a linker peptide comprising 4 amino acid residues selected from the 
group consisting of amino acid residues, D-amino acids and non- 
proteinogenic amino acids, 

c) Ala-Ala-Ala-Ala, 

d) Glu-Lys-Glu-Lys, 

e) 6-AhXn (6-aminohexanoic add) with n=1-3, or 

f) an omega-amino fatty acid (saturated and/or unsaturated) with 6 to 34 
carbon atoms, 



wherein A and B are amino acid residues, D-amino acid residues, N-methylated 
amino acid residues or any other non-proteinogenic amino acid residues; and 
pharmaceutically acceptable salts thereof. 

14. A compound according to claim 13, wherein the N-terminus of the tyrosine 
residue in position 1 can be modified by aikylation, acetylation or glycation. 

15. A compound according to claims 13 or 14, wherein the peptide is modified 
by the introduction of at least one e-amino fatty acid acylated lysine in any 
amino acid position. 

16. A compound according to claims 13, 14 or 15, wherein the peptide is 
modified by introduction of a reduced peptide bond or other modification of the 
peptide bond between A and B. 

17. A compound having the following amino acid sequence and comprising a 
phosphorylated seryl residue: 

Tyr-[Ser(P)]-Glu-Gfy-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met, 

Tyr-[Ser(P)]-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met-Asp-Lys-^ 
Gln-Gln-Asp-Phe-Val-Asn-Trp-Leu-Leu-AIa-Gln-Lys, or 
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Tyr-[Ser(P)]-Glu-Gly-Thr-P^^ 

Gln-Gin-Asp-Phe-Val-Asn-Trp-Leu-Uu-Ala-GIn-Lys-G)y-Lys-Lys-^n-Asp-Tr^ 
Lys-His-Asn-lle-Thr-Gln; or 
pharmaceutical iy acceptable salts thereof. 

1 8. A compound having the amino add sequence: 

Tyr-Ala-Glu-Gly-Thr-Phe-lle-Ser-Asp-Tyr-Ser-lle-Ala-Met- 

Asp-Lys-lle44ls-Gln-Gln-As^ 

a pharmaceutically acceptable salt thereof. 

19. A compound according to any one of the preceding claims in free carboxylic 
acid form or a pharmaceutically acceptable salt thereof. 

20. A compound according to any one Of the preceding claims in amide form or 
a pharmaceutically acceptable salt thereof. • 

21 . A compound according to any one of the preceding claims characterized in 
that the compound Is resistant to the degradation by dipeptidyl peptidase IV or 
dipeptidyl peptidase IV-like enzyme activity. 

22. A compound according to any one of the preceding claims characterized In 
that the compound is a GIP-receptor agonist. 

23. A compound according to any one of claims 1 to 21 characterized In that 
the compound is a GIP-receptor antagonist. 

24. A compound according to any one of the preceding claims characterized In 
that the compound potentiates cyclic AMP production. 
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25. A compound according to any one of the preceding claims characterized in 
that the compound blocks the activation of caspase-3. 

26. A pharmaceutical composition comprising a pharmaceutically acceptable 
s carrier or diluent and a compound according to any one of the preceding 

claims, or a pharmaceutically acceptable acid addition salt thereof. 

27. Use of a pharmaceutical composition or a compound according to any one 
of the preceding claims or a pharmaceutically acceptable acid addition salt 

10 thereof for the manufacture of a medicament for the prevention or treatment of 
diseases or conditions related to impaired binding of GIP- receptor analogues. 

28. Use according to claim 27 for the manufacture of a medicament for the 
prevention or treatment of 0-cell apoptosis. 

15 

29. Use according to claim 27 for the manufacture of a medicament for the 
potentiation of glucose dependent proliferation of pancreatic 0-cells. 

30. Use according to claim 27 for the manufacture of a medicament for the 
20 treatment of non-insulin-dependent diabetes mellitus and obesity. 

31. A method for treating conditions mediated by GIP-receptor binding 
comprising administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound or pharmaceutical composition 

25 according to any one of claims 1 -26. 

32. A method for lowering elevated blood glucose levels in mammals resulting 
from food intake comprising administering a therapeutically effective amount of 
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at least one compound or pharmaceutical composition according to any one of 
the claims 1-26. 

33. A compound or pharmaceutical composition according to any one of claims 
1-26, wherein the compound is modified by introduction of a side-chain lactam 
bridges between two amino acid residues of the peptide sequence, and 
pharmaceutical^ acceptable salts thereof. 
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Figure 13 




WO 03/082898 



PCT/EP03/03307 



14/18 



Figure 14 
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Figure 18 
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